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Figure S1, related to main Figure 1.
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Figure. S1, related to main Figure 1: Ly108 (Slamf6) and CD69 expression delineate Tex subset heterogeneity
(A) Frequencies of indicated populations of P14 CD8+ T cells at d30p.i. (B) Frequencies of indicated populations of P14 CD8+ T cells expressing 
Ki67 at d30p.i. (C) Representative CD69 expression by indicated P14 CD8+ T cell populations at d30p.i. Numbers indicate frequencies of positive 
cells. (D) Cumulative MFIs (normalized to max expression/experiment) for indicated markers in indicated populations among endogenous Dbgp33 
tetramer+ CD8+ T cells at d30p.i. (E) Frequencies of TCF1-positive cells among endogenous Dbgp33 tetramer+ CD8+ T cells that were either CD69- 
or CD69+ at d30p.i. (F) Representative Ly108 and TCF1 co-expression in P14 CD8+ T cells at the indicated time points of LCMV clone 13 infection. 
Numbers indicate frequencies of double positive cells. (G) Representative Ly108 and CD69 co-expression on indicated tetramer+ populations at 
d30p.i. Numbers indicate frequencies. (H) Experimental design, (I) Gating strategy for CD8+ T cells in B16 tumors. (J) Gating strategy for CD8+ T 
cells in human melanoma tumors. Naïve CD8+ T cells (red dots) were used to set up the Tox+ gate. (K) Frequencies of Ki67+ cells among indicated 
populations of non-naïve (Tox+) CD8+ T cells isolated from Human melanoma tumors (n=6 patients)
A-G (Representative of n=5 experiments with 16 mice/group)



Texprog1Texprog2 Texint Texterm Texprog1Texprog2 Texint Texterm
100

101

102

103

N
um

be
r o

f P
14

 C
D

8+  
T 

ce
lls

 re
co

ve
re

d 
fro

m
 T

ex
in

t d
on

or
 c

el
ls

CFSEhi

CFSElo

ND ND ND ND

Texprog1Texprog2 Texint Texterm Texprog1Texprog2 Texint Texterm
100

101

102

103

N
um

be
r o

f P
14

 C
D

8+  
T 

ce
lls

 re
co

ve
re

d 
fro

m
 T

ex
te

rm
 d

on
or

 c
el

ls

CFSEhi

CFSElo

ND ND ND ND ND ND

BA

Donor cells

Ly108+
CD69-

0

1

2

3

4

5

R
at

io
 d

nL
y1

08
+ C

D
69

- /
dn

Ly
10

8- C
D

69
-

*** p<0.0001

G

H

CFSEhi

CFSElo

J

PBS or αPD-L1
200μg/mouse

22 25 283134D0 D+1
αCD4

D-1
αCD4

C57B/6J 
CD45.2+

Cl13 
infection

D35

Harvest

Adoptive transfer of 
103 P14 CD8+ T cells 

(CD45.1+)

Cl13 Cl13 αCD4

Day 8

Day 15

Day 30

CD69

Ly
10

8

14%

59% 7%

11% 14%

56% 8%

9%

9%

59% 17%

9% 21%

37% 23%

11%

15%

28% 41%

11% 8%

5% 46%

37%

I

0.010

0.100

1.000

10.000

R
ec

ov
er

y 
to

 c
el

l i
np

ut

* p=0.015

** p=0.045

* p=0.0395

Ly108+

CD69+
Ly108+

CD69-
Ly108-

CD69-
Ly108-

CD69+

0

20

40

60

80

100

%
 o

f C
FS

E
lo

w
 c

el
ls

* p=0.003

 p=0.06

* p=0.0426

E

F

Ly108+
CD69+

Ly108+
CD69-

Ly108-
CD69-

Ly108-
CD69+

0

20

40

60

%
 o

f C
D

45
.2

+  
C

D
8+  

T 
ce

lls

Ly108+
CD69+

Ly108+
CD69-

Ly108-
CD69-

Ly108-
CD69+

0

20

40

60

%
 o

f C
D

45
.2

+  
C

D
8+  

T 
ce

lls

Ly108+
CD69+

Ly108+
CD69-

Ly108-
CD69-

Ly108-
CD69+

0

20

40

60

80

%
 o

f C
D

45
.2

+  
C

D
8+  

T 
ce

lls

Ly108+
CD69+

Ly108+
CD69-

Ly108-
CD69-

Ly108-
CD69+

0

20

40

60

80

%
 o

f C
D

45
.2

+  
C

D
8+  

T 
ce

lls

CFSEhi

Donor cells
 Ly108+CD69+

Before sort Aftersort

Donor cells
 Ly108+CD69-

Donor cells 
Ly108-CD69-

Donor cells
Ly108-CD69+

CFSElo

C D

Ly
10

8

7%
43% 41%

92% 93%

93% 96%

3%

Donor cells
Ly108+CD69+

Progeny

CFSElo 
28%

CFSEhi 
71%

CFSElo 
70%

CFSEhi 
30%

Ly108+CD69-Ly108+CD69+

CFSE

FS
C

-A

CD69

Texprog1Texprog2 Texint Texterm Texprog1Texprog2 Texint Texterm
100

101

102

103

N
um

be
r o

f P
14

 C
D

8+  
T 

ce
lls

 re
co

ve
re

d 
fro

m
 T

ex
pr

og
1 

do
no

r c
el

ls

CFSEhi

CFSElo

x0.8
x8.5

Texprog1Texprog2 Texint Texterm Texprog1Texprog2 Texint Texterm
100

101

102

103

104

N
um

be
r o

f P
14

 C
D

8+  
T 

ce
lls

 re
co

ve
re

d 
fro

m
 T

ex
pr

og
2 

do
no

r c
el

ls

CFSEhi

CFSElo

x2.8

x10.4

D8 D15 D30
0

10

20

30

40

50

%
 o

f T
ex

pr
og

1  
P

14
 C

D
8+  

T 
ce

lls

Cl13
Cl13 !CD4

**

***

D8 D15 D30
0

10

20

30

40

%
 o

f T
ex

pr
og

2  
P

14
 C

D
8+  

T 
ce

lls

Cl13
Cl13 !CD4

** p=0.0693

D8 D15 D30
0

20

40

60

80

100

%
 o

f T
ex

in
t  P

14
 C

D
8+  

T 
ce

lls

Cl13
Cl13 !CD4

***

***

NS

D8 D15 D30
0

20

40

60

%
 T

ex
te

rm
 P

14
 C

D
8+  

T 
ce

lls

Cl13
Cl13 !CD4

*

**

*

Figure S2, related to main Figure 2.

Figure. S2, related to main Figure 2: Tex subset dynamics is altered by the absence of CD4 T cells or PD-L1 blockade
(A) Sort purity (d21p.i.). (B) Frequencies of CFSElo cells among indicated P14 populations at d28p.i. (d21+7). (C) Percentages of cell-recovery 
compared to initial cell input. (D) Frequencies of CFSEhi (dark blue) and CFSElo (light blue) cells within indicated recovered populations from each 
donor cell-type. (E) Absolute numbers of Tex subsets recovered from the non-dividing (CFSEhi; dark blue) and dividing (CFSElo; light blue) fraction 
of indicated donor cell-type. (F) CFSE profile of Ly108+CD69+ and Ly108+CD69- cells derived from Ly108+CD69+ donor cells at d28p.i. (d21+7). 
Numbers indicate frequencies. (G) Ratios of de novo Ly108+CD69-/Ly108-CD69- within divided (CFSElo; light blue) and undivided (CFSEhi; dark 
blue) Ly108+CD69- donor cells. (H) Experimental design. (I) Frequencies of indicated P14 CD8+ T cell populations at indicated time points post 
infection with LCMV clone 13 (plain line) or clone 13 treated with αCD4 (dotted line). (J) Representative Ly108 and CD69 co-expression on P14 
CD8+ T cells at indicated time points post infection with LCMV clone 13 (left dots) or clone 13 treated with αCD4 (right dots). Numbers indicate 
frequencies.
Panels A-G (n=2 with 6-8 mice/group); I-J (n=2 with 7-11 mice/group)
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Figure S3, related to main Figure 2.

(Legend next page)



Figure. S3, related to main Figure 2: Dynamic T-bet and Eomes expression patterns in Tex subsets 
(A) Representative T-bet and Eomes expression in PD-1int/PD-1hi and Cxcr5+/Cxcr5- cells. Numbers indicate frequencies (left dots) or MFI 
(right histograms). (B) Representative Ly108 and CD69 co-expression by indicated P14 CD8+ T cell populations at d30p.i. Numbers indicate 
frequencies. (C) Representative T-bet and Eomes expression by indicated P14 populations at d30p.i. Numbers indicate MFI. (D) Protein 
expression dynamics of T-bet and Eomes in indicated P14 populations at d30p.i. (E) Ratios of T-bet/Eomes (MFI) in indicated P14 populations 
at d30p.i. (F) Representative T-bet and Eomes expression by indicated populations among non-naïve CD8+ T cells (Tox+) isolated from Human 
melanoma tumors. Numbers indicate MFI. (G) Protein expression dynamics of T-bet and Eomes by indicated populations among non-naïve 
CD8+ T cells (Tox+) isolated from Human melanoma tumors. (H) Ratios of T-bet/Eomes (MFI) in indicated populations among non-naïve CD8+ 
T cells (Tox+) isolated from Human melanoma tumors. (I) PD-1 expression dynamic by indicated populations among P14 CD8+ T cells (LCMV; 
d30p.i.) or non-naïve CD8+ T cells (Tox+) isolated from indicated tumor type. 
Panels A-E (n=3 with 11-12 mice/group)
Panels F-H (n=6 patients)
Panel I (n=2-3 with 6-10 mice/group)
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Figure S4, related to main Figure 3.

Figure. S4, related to main Figure 3: Tex subsets differ in anatomical localization and effector function.
(A-B) Clone 13 infected mice containing P14 cells were injected i.v. with 3μg/mice of anti-CD8 antibody at d30p.i. and sacrificed three minutes after 
injection. Representative flow cytometry plots (A) and cumulative frequencies (B) of splenic P14 cells stained (CD8 i.v+, red) or not (CD8 i.v-, open 
circles) with the in vivo labelling. Numbers indicate frequencies. (C) MFI for IFNγ in indicated P14 populations after 5h of re-stimulation. (D-E) Numeri-
cal proportion of IFNγ+ Tex cells contributed by each Tex subset (D) or similar analysis for IFNγ+TNF+ (E) P14 CD8+ T cells at d30p.i. (F) Frequency of 
indicated P14 populations after 5h of culture in re-stimulation medium with (blue bars) or without (open bars) gp33 peptide. (G) Representative CD69 
expression in indicated populations after 5h of re-stimulation in media containing (peptide stim; blue) or not (unstimulated CTR; grey) gp33 peptide. 
(H) Lysis of gp33 loaded target cells by indicated P14 cell populations after 16hours (ratio E/T 3:1). (I) Representative dot plots and frequencies of 
active caspase-3-positive cells within non-naïve CD8+ T cells (Tox+) isolated from Human melanoma tumors. Numbers indicate frequencies. (n= 5 
patients)
Panels A-B (n=3 with 11-12 mice/group); C-E (n=2 with 7 mice/group); F-G (n=1 with 4 mice/group); H (n=1 with 4 technical replicates)



Texprog1 Texprog2 TextermTexint

Texprog2

vs Texprog1

225 genes

Texprog2

vs Texint

429 genes

Texprog2

vs Texterm

773 genes

119
453

53 148

1340 149

Texprog1

vs Texprog2

221 genes

Texprog1

vs Texint

623 genes

Texprog1

vs Texterm

600 genes

31
310

59 200

4487 348

Texint

vs Texprog1

636 genes

Texint

vs Texprog2

437 genes

Texint

vs Texterm

532 genes

90
277

98 67

145303 135

Texterm

vs Texprog1

657 genes

Texterm

vs Texprog2

814 genes

Texterm

vs Texint

551 genes

212
199

13 127

223209 252

A

E

GF

B

DC -4
00

-2
00 0

20
0

40
0

Texprog1 vs
Texterm

Texprog1 vs
Texint

Texprog1 vs
Texprog2

Up
Down

-4
00

-2
00 0

20
0

40
0

60
0

Texprog2 vs
Texterm

Texprog2 vs
Texint

Texprog2 vs
Texprog1

Up
Down

-4
00

-2
00 0

20
0

40
0

Texint vs
Texterm

Texint vs
Texprog2

Texint vs
Texprog1

Up
Down

-6
00

-4
00

-2
00 0

20
0

40
0

Texterm vs
Texint

Texterm vs
Texprog2

Texterm vs
Texprog1

Up
Down

Number of DEGs

N
or

m
al

iz
ed

 g
en

e 
ex

pr
es

si
on

6

8

10

Ly108hi EarlyT LateT Tterm
group

G
en
e

group

Ly108hi

EarlyT

LateT

Tterm

Tcf7

2

4

6

8

Ly108hi EarlyT LateT Tterm
group

G
en
e

group

Ly108hi

EarlyT

LateT

Tterm

Cxcr5

8.0

8.5

9.0

9.5

10.0

Ly108hi EarlyT LateT Tterm
group

G
en
e

group

Ly108hi

EarlyT

LateT

Tterm

Tbx21

4

5

6

7

8

Ly108hi EarlyT LateT Tterm
group

G
en
e

group

Ly108hi

EarlyT

LateT

Tterm

Zeb2

Gene set enrichment analysis

P
hi

lip
-S

ch
ie

tin
ge

r
N

at
ur

e 
20

17
S

ad
e-

Fe
ld

m
an

-H
ac

oh
en

C
el

l 2
01

8

RNAseq

PC1 (23.04%)

P
C

2 
(2

0.
2%

)

Group

Batch

Texprog1

Texprog2

Texint

Texterm

Effector
Memory

9

10

Ly108hi EarlyT LateT Tterm
group

G
en
e

group

Ly108hi

EarlyT

LateT

Tterm

Pdcd1

6

7

8

Ly108hi EarlyT LateT Tterm
group

G
en
e

group

Ly108hi

EarlyT

LateT

Tterm

Icos

5

6

7

8

Ly108hi EarlyT LateT Tterm
group

G
en
e

group

Ly108hi

EarlyT

LateT

Tterm

Mki67

7.5

8.0

8.5

Ly108hi EarlyT LateT Tterm
group

G
en
e

group

Ly108hi

EarlyT

LateT

Tterm

Zap70

7

8

9

10

11

Ly108hi EarlyT LateT Tterm
group

G
en
e

group

Ly108hi

EarlyT

LateT

Tterm

Gzmb

9.0

9.5

10.0

Ly108hi EarlyT LateT Tterm
group

G
en
e

group

Ly108hi

EarlyT

LateT

Tterm

Nfatc1

2

4

6

8

Ly108hi EarlyT LateT Tterm
group

G
en
e

group

Ly108hi

EarlyT

LateT

Tterm

Klrg1

8.4

8.8

9.2

9.6

Ly108hi EarlyT LateT Tterm
group

G
en
e

group

Ly108hi

EarlyT

LateT

Tterm

Tox

6

8

10

Ly108hi EarlyT LateT Tterm
group

G
en
e

group

Ly108hi

EarlyT

LateT

Tterm

Cx3cr1

6.5

7.0

7.5

8.0

Ly108hi EarlyT LateT Tterm
group

G
en
e

group

Ly108hi

EarlyT

LateT

Tterm

Runx3

Mki67Tcf7 Cxcr5 Cx3cr1Klrg1GzmbIcos

Tbx21 Zeb2 Runx3ToxNfatc1Zap70Pdcd1

Group
Texprog1

Texprog2

Texint

Texterm

Scott-Browne
Immunity 2016

Group
Texprog1

Texprog2

Texint

Texterm

Module 1 Module 2 Module 3 Module 4 Module 5 Module 6 Module 7

M
ed

ia
n

Texprog1
Texprog2

Tcf7
Cxcr5

Oasl1
Ifit1
Ifit3

Cd44
Amigo1
Icam2

Mki67
Cdk1
Cdca3
Cdca7

Tbx21
Zeb2
Klrc1
Cx3cr1

Gzmb
Cd244

Pdcd1
Cd160
Cd38

Texint
TextermTcf7

Adapted from Miller et al. NI 2019

Mki67

Cx3cr1

Tox

Terminal 
TEX

Effector-like 
TEX

Progenitor
TEX

Proliferating
TEX

Figure S5, related to main Figure 4. (Legend next page)



Figure. S5, related to main Figure 4: Transcriptional analysis of Tex subsets
(A) PCA of normalized RNAseq profiles. Each dot represents an independent experiment. (B) DEGs either up or down-regulated on indicated 
pairwise comparisons (lfc≥1, p.value=0.01). (C) Uniform Manifold Approximation and Projection (UMAP) representation of scRNAseq dataset 
of LCMV-derived Dbgp33+ Tex cells plotting previously described Tex clusters (left; Miller et al. NI 2019) or indicated genes (right). (D) Bi-clus-
tering analysis of all DEGs from Fig. 4b identifying seven modules of genes (top row). Projection of each gene module into the scRNAseq 
UMAP from Fig. S5c (bottom row). (E) Normalized gene expression profiles of indicated genes in P14 cell populations. (F) Heatmap showing 
mRNA levels of selected TFs in the indicated Tex subsets. (G) GSEA comparing the transcriptional signature of each P14 population (com-
pared to the three other subsets) to indicated cell types. NES stands for Normalized Enrichment Score.
(n=3 biological replicates)
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Figure S6, related to main Figure 5. (Legend next page)



Figure. S6, related to main Figure 5: Epigenetic landscape of Tex subsets
(A) Bar graphs displaying the location of ATACseq peaks either opening (left histogram) or closing (right histogram) during indicated Tex subset 
transitions (lfc≥1, p.value<0.05). (B) Correlation between average gene expression (mRNA; from gene clusters defined in Fig. 4d) and 
average chromatin accessibility for each cluster in each sample. Numbers indicate gene clusters from Fig. 4d. (C) ATACseq tracks across the 
Cx3cr1 and Cd38 loci. (D) PCA of normalized ATACseq counts (all peaks). Each dot represents an independent experiment. (E) Sample 
distance analysis using the top 25% peaks by variance. Color legend indicates distances. (F) Differentially accessible peaks in indicated 
pairwise comparison (lfc≥2, p.value<0.01). (G) Heatmaps of peak intensity displaying the top 30% peaks differentially accessible in Texprog1, 
Texprog2, Texint or Texterm compared with Teff and Tmem (lfc≥2, p.value<0.01).
(n=3 biological replicates)
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Figure S7, related to main Figure 6 and 7. (Legend next page)



Figure. S7, related to main Figure 6 and 7: Interplay between TCF1, T-bet and Tox during Tex subset transitions
(A) Representative TCF1 expression in WT P14 (black) or TCF1KO P14 (blue) at d8p.i. Numbers indicate the frequency of positive cells. (B) 
Frequencies of WT P14 (open circle) and TCF1KO P14 (blue circle) in the blood of infected mice at the indicated time points. (C) Representa-
tive histograms showing the expression of indicated markers in naïve WT P14 (black) and TCF1KO P14 (blue) cells before adoptive transfer. 
Numbers indicate MFI. (D) Experimental design. Tbx21fl/fl ERT2-Cre+/- Rosa26-YFP+/- P14 (P14TbetKO) and their relative WT (Tbx21+/+ 
ERT2-Cre+/- Rosa26-YFP+/-) P14 controls were treated with TAT-cre in vitro to induce genetic recombination at the time of co-adoptive transfer 
(ratio 1:1) into LCMV clone 13 infected mice. Recombination was assessed in vivo by YFP expression and was routinely over 90%. (E) Repre-
sentative T-bet expression in WTYFP+ P14 (black) and TbetKOYFP+ P14 (blue) cells at d8p.i. Numbers indicate MFI. (F-G) Absolute numbers of 
WTYFP+ P14 (open bars) and TbetKOYFP+ P14 (blue bars) cells in the spleen at d8 (F) or 15 (G) p.i. (H) Cumulative frequencies of Texterm cells 
among WTYFP+ P14 and TbetKOYFP+ P14 cells at d8 (red bars) or 15 (open bars) p.i. (I) Graph displaying the ratio of TbetKOYFP+ P14 over WTYFP+ 
P14 cells in the blood of infected mice at indicated time points. (J) Representative flow cytometry plots displaying co-expression of CD8 and 
VEX on indicated P14 CD8+ T cell populations at d15p.i. Numbers indicate frequencies. (K) Frequencies of Texprog1, Texprog2, Texint and Texterm 
cells at d15p.i. among the indicated P14 cell populations either transduced (blue bars) or not (open bars) with indicated RV constructs. (L) MFI 
of PD-1 on Tox+/+ P14 (grey) or Tox+/- P14 (blue) cells at indicated time points.
Panels A-C (n=2 with 7 mice/group); E-I (Representative of 3-5 experiments with 11-17 mice/group); J-K (n=1 with 4 mice/group); L (Represen-
tative of 2 experiments with 15 mice/group)


